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ENERGY-DEPENDENT PLASTICITY OF GREY MOUSE LEMUR SOCIAL SYSTEMS:
LESSONS FROM FIELD AND CAPTIVE STUDIES
Fabien GÉNIN1
RÉSUMÉ. — Plasticité énergie-dépendante des systèmes sociaux chez le Microcèbe gris: ce que nous 
apprennent les travaux en captivité et dans la nature. — La gestion de l’énergie contrôle de nombreux 
traits d’histoire de vie. Du fait des différences entre l’investissement reproducteur des deux sexes, la dis-
tribution spatiale et temporelle des ressources alimentaires est réputée infl uencer l’organisation sociale et 
les systèmes d’appariement. Parmi les Primates, cette hypothèse a rarement été testée chez les Lémuriens 
de Madagascar. Ce travail de synthèse s’intéresse aux relations entre stratégies d’économie d’énergie et 
systèmes sociaux chez un petit Lémurien nocturne, le Microcèbe gris, Microcebus murinus. En comparant 
les travaux effectués en captivité et les études portant sur des populations sauvages, je propose une hypo-
thèse intégrative reposant sur une plasticité énergie-dépendante des systèmes sociaux de cette espèce. En 
captivité, un engraissement saisonnier entraîné par les photopériodes courtes est observé chez les animaux 
des deux sexes. En revanche l’engraissement caractéristique de la fi n de la saison des pluies n’est observé, 
dans la nature, que chez la plupart des femelles et quelques rares mâles. Les réserves de graisse permettent 
une diminution de l’activité quand la disponibilité alimentaire diminue, et les périodes d’hypothermie ont 
été interprétées comme une hibernation facultative. Je suggère en outre que la plupart des mâles sont en fait 
exclus des noyaux de population femelles et/ou des ressources locales, ce qui expliquerait la dispersion des 
jeunes mâles qui survient au début de la saison sèche et l’absence d’engraissement observée chez la plupart 
des mâles sauvages. Le modèle du « Local Resource Enhancement » pourrait quant à lui expliquer les biais 
de sex-ratio à la naissance observés en captivité, en fonction de la taille des groupes de femelles. Ainsi la 
taille des groupes de femelles apparentées, révélée par les associations dans les gîtes diurnes, correspondrait 
à la distribution spatiale et à l’abondance des arbres-ressources. A la fi n de la saison sèche, profi tant de 
l’inactivité des femelles, de nombreux mâles juvéniles erratiques affl uent dans les noyaux de population des 
femelles. Ainsi l’engraissement saisonnier pourrait permettre aux femelles de se préparer à l’hibernation, 
alors qu’il permettrait aux mâles de se préparer à la période des accouplements. Les mâles les plus maigres 
semblent utiliser une tactique d’appariement opportuniste qui se traduit par une promiscuité. En captivité 
et probablement chez quelques rares mâles résidents, les réserves de graisse permettent la dominance entre 
mâles et le gardiennage des femelles qui se traduit en polygynie. M. murinus apparaît comme particuliè-
rement plastique, en réponse à des changements à la fois saisonniers et imprévisibles de la disponibilité 
alimentaire, contrôlant à la fois la taille des groupes, le sex ratio opérationnel, la dynamique des populations 
et les tactiques alternatives d’appariement.
SUMMARY. — Energy management triggers many life history traits. Due to sex-specifi c differences in 
reproductive investment, spatio-temporal distribution of food has been suggested to infl uence social organi-
zation and mating systems. Within primates, this hypothesis has rarely been tested in Malagasy lemurs. 
This study reviews the relationships between energy saving strategies and social systems in the nocturnal 
mouse lemur Microcebus murinus. Comparing data from fi eld and captive studies, I propose an integrative 
hypothesis of energy-dependent plasticity in mouse lemur social systems. Short photoperiod-induced fatten-
ing is observed in captive animals of both sexes. In contrast, fattening observed in the fi eld in the early dry 
season occurs in most females but only in some rare males. Fat reserves are used during periods of decreased 
activity, food shortage, and torpor bouts have been interpreted as facultative hibernation. I suggest that 
most males are excluded from female population nuclei and/or local resources, explaining male dispersal 
during the dry season, and the lack of fattening observed in most wild males. The model of Local Resource 
1 CNRS UMR 8571, MNHN, Département d’Ecologie et Gestion de la Biodiversité, 4 avenue du Petit Château 
F-91800 Brunoy, France. Tél: (33) 2 41 65 86 31. E-mail:  fabien.genin@free.fr
 – 246  –
Enhancement may explain the bias in natal sex ratio observed in captivity, according to the size of female 
groups. The spatial distribution and abundance of resource trees fi ts with the size of matrilines revealed by 
sleeping associations. Young erratic males fl ock into female population nuclei in the late dry season, taking 
advantage of female inactivity. Therefore, seasonal fattening may be used by females to prepare for hiberna-
tion and by males to prepare for mating. Light males seem to use an opportunistic mating tactic resulting 
in scramble promiscuity. In captivity and probably in a few resident males, fat reserves may allow mate 
guarding and dominance resulting in polygyny. M. murinus appears particularly plastic in response to both 
seasonal and unpredictable changes in food availability, controlling group size, operational sex ratio, popula-
tion dynamics and alternative mating tactics.
Energy management triggers many life history traits, including seasonality of reproduc-
tion and energy saving strategies (seasonal fattening, hypothermia) (Andrews, 1995; Cuthill & 
Houston, 1997; Daan & Tinbergen, 1997). Indeed, life history theory provides a link between 
proximal/mechanistic (physiology) and ultimate/evolutionary (behavioural ecology) explana-
tions. Due to their higher energy investment in reproduction, females tend to exhibit more 
pronounced energy saving strategies and are more infl uenced by food distribution than males 
which are more limited by the distribution of females (Armitage, 1998; Emlen & Oring, 1977; 
Michener, 1998). Consequently, the potential of resource monopolisation has been suggested 
to infl uence the social systems (Emlen & Oring, 1977; Koenig, 2002; Ostfeld, 1990; Réale, 
1997). These models have been tested at the inter-specifi c level (strategies), as well as at the 
intra-specifi c level (individual tactics) (Hayashi, 1996; Ims, 1988; Wrangham, 1980). However, 
the evolution of social systems is usually investigated using inter-specifi c comparisons and 
intra-specifi c variations have been attributed to methodological or taxonomic problems (Wim-
mer et al., 2002). Captive studies offer the opportunity to control various factors and study the 
plasticity of social organizations and mating systems.
The effect of the temporal and spatial distribution of food on primate social systems has 
been studied intensively, but rarely in strepsirhines which exhibit a great variety of energy 
management strategies (Atsalis, 1999; Charles-Dominique, 1995; Ganzhorn, 1988; Ganzhorn, 
1997; Génin, 2004; Hemingway, 1999; Hladik et al., 1980; Nunn & Pereira, 2000; Overdorff et 
al., 1997; Perret, 1998; Richard & Nicoll, 1987; Schmid & Kappeler, 1998). The social organi-
zation of the solitary mouse lemur Microcebus murinus has been under intense investigation for 
decades (Eberle & Kappeler, 2002a, b; Fietz, 1999; Martin, 1973; Radespiel, 2000; Radespiel 
et al., 2001; Schmid & Kappeler, 1998). M. murinus is a small (50 to more than 100 g) noc-
turnal lemur with a lifespan > 7 years, reaching sexual maturity within a year (Martin, 1973; 
Petter-Rousseaux, 1988). Studies on the mating system of M. murinus have led to contradic-
tory results, suggesting either dominance-based polygyny (Andrès et al., 2001; Martin, 1973; 
Perret, 1992; Perret, 1995) or promiscuity (Eberle & Kappeler, 2002; Fietz, 1999; Radespiel, 
2000; Radespiel et al., 2001, 2002; Schmid & Kappeler, 1998). None of these studies has taken 
into account spatial and temporal distribution of food. 
This study reviews the available information about the relationships between energy sav-
ing strategies and the social systems of M. murinus. In particular, I compare the social and 
mating systems expressed by wild and captive animals. I suggest that population organization 
and dynamics in this species are extremely plastic and directly triggered by food availability, as 
expected in highly variable environments.
IMPLICATIONS OF TEMPORAL DISTRIBUTION OF FOOD FOR SOCIAL SYSTEMS
SEASONAL ENERGY SAVING STRATEGIES
Different authors have stressed the implications of seasonal food scarcity for social organ-
ization (Charles-Dominique, 1995; Ostfeld, 1990). In M. murinus, the critical seasonal recur-
rence of food shortage should constrain the pattern of resource dispersion infl uencing social 
organization (Fig. 1) (Génin, 2002). Mouse lemurs enter reproductive inactivity during the 
dry winter (Schmid, 1998; Perret, 2000). The use of daily torpor in small tropical mammals 
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has been interpreted as a response to unpredictable changes in food availability (Lovegrove & 
Raman, 1998). This hypothesis explains why daily torpor is frequent in regions subjected to El 
Niño oscillations, such as western and southern Madagascar, South Africa, Australia and Chile 
(Lovegrove & Raman, 1998; Philander, 1983). In captive M. murinus, daily torpor is induced 
by cold and by food rationing (Génin & Perret, 2003). Some torpor bouts last more than 24 h, 
confi rming the occurrence of hibernation in this species (Génin & Perret, 2003). Therefore, 
inactivity bouts observed in M. murinus during the dry season can be interpreted as facultative 
hibernation (Fig. 2A, Table I) (Schmid, 1999). In contrast with the obligatory hibernator Chei-
rogaleus medius, Grey Mouse Lemurs are likely to alternate activity bouts and opportunistic 
hibernation bouts during the dry season according to their levels of fat reserves and food avail-
ability, known to vary during the dry season (Génin et al., 2005; Koechlin et al., 1974).
M. murinus has been shown to exhibit pre-winter fattening (Schmid, 1999; Schmid & Kap-
peler, 1998). A peak of food availability (fruits, fl owers, young leaves) was found during the 
fattening period (A. Hladik, 1980). In captivity, no difference was found in fattening of males 
and females if animals were socially isolated. Seasonal fattening is induced by winter-like short 
photoperiods, owing to both hyperphagia and a decrease in energy expenditure, probably due to 
hypothyroidism (Génin & Perret, 2000; Génin et al., 2003). Males and females must be housed 
separately to obtain short photoperiod-induced fattening in males, while frequent aggressive 
behaviours by females towards males are observed in mixed-sex groups in which males usually 
lose weight (Génin et al., 2005). In wild animals, seasonal fattening occurs in most females 
and only in a few males (Fig. 1, Table I) (Fietz, 1998; Génin, 2004; Schmid, 1999; Schmid & 
Kappeler, 1998). Such a sex-specifi c difference is not unusual in hibernators and results in a 
difference in the timing of reproduction in sciurid rodents (Armitage, 1998; Michener, 1998).
Figure 1. — Seasonal rhythm of body mass and reproductive activity in Microcebus murinus, based on Schmid & 
Kappeler (1998). Animals of both genders enter a state of reproductive inactivity during the dry season. Autumn 
fattening allows the females to enter hibernation, whereas most males increase their body mass at the end of the dry 
season and use their fat stores for the mating competition. In captivity, the seasonal rhythm of body mass changes is 
entrained by photoperiodic shifts. 
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The number of males increases in the late dry season in both M. murinus and M. rufus 
(Atsalis, 2000; Schmid & Kappeler, 1998). Long-term capture-recapture studies trapped pre-
dominantly males of low body mass throughout the dry season, many of which were trapped 
for the fi rst time (Schmid & Kappeler, 1998; M. rufus: Atsalis, 2000). Most were probably 
young dispersing males, since the few old resident males had entered hibernation (Fig. 2B). 
Erratic males fl ock into “population nuclei” (Martin, 1973) at the end of the dry season (M. 
rufus: Atsalis, 1999, 2000). They may take advantage of the decreased activity of females that 
results in reduced feeding competition (Fig. 1, Fig. 2B). In three different populations (Man-
dena, Kirindy and Ampijoroa), the mean body mass of trapped males increased throughout 
the dry season, reaching its maximum level in October, corresponding to testis recrudescence 
(Fig. 1) (Lahann et al., 2006; Schmid & Kappeler, 1998). In captivity, testis recrudescence has 
no effect on male short photoperiod-induced fattening (Génin et al., 2005). Therefore, the male 
weight gain observed in late dry season can be considered a short photoperiod induced-fatten-
ing, rather than resulting from an anabolic effect of testosterone, as suggested by Schmid & 
Kappeler (1998). Short photoperiod-induced fattening would be used by females to prepare for 
hibernation and by the males to prepare for mating competition (Génin et al., 2005).
Figure 2. — Hypothetic relations between temporal (A) and spatial (B) dispersion of food, social organization and 
population dynamics in Microcebus murinus. A: During seasonal fattening occurring in late rainy season (March-
April), food patches are monopolized by the females and a few resident males. Young dispersing males leave female 
population nuclei. During female hibernation in late dry season, dispersing males fl ock into population nuclei, taking 
advantage of female hibernation (August-September). B: According to the spatial distribution of food, the exclusion 
of dispersing males can result in local exclusion favouring polyandy (Kirindy/Ampijoroa) or in territoriality favouring 
polygyny (Mandena) mimicked in captivity by the separation of males and females. : males, : females. Symbol 
sizes are proportional to the body masses of animals.
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SEASONALITY OF REPRODUCTION
M. murinus is a typical seasonal breeder. In captivity, reproductive activity is entrained 
or synchronized by long photoperiods in both males and females (Perret & Aujard, 2001). 
Moreover, female bonding is known to result in estrous synchrony that has been hypothesized 
to cause either an increase (Andrès et al., 2001, 2003; Radespiel & Zimmermann, 2001) or a 
decrease (Eberle & Kappeler, 2002b) in the control of access to females. Studies of estrous 
synchrony in M. murinus have led to contradictory results (Perret, 1986; Radespiel & Zimmer-
mann, 2001) and other lemurs (Pereira, 1991). Studies in captivity have clarifi ed the involved 
mechanisms (Perret, 1986). In mouse lemurs, the vulva is closed during reproductive inactiv-
ity (anoestrous) and females show 2 or 3 estrous per breeding season (Perret, 2000; Perret & 
Aujard, 2001; Petter-Rousseaux, 1988). Vulva opening lasts about three days, although copula-
tions are only observed within one night, facilitating monopolization by males (Andrès et al., 
2001, 2003). The fi rst estrous assessed by vulva opening and endocrine changes is entrained by 
long photoperiods and occurs in socially isolated females about 40 days after the photoperiodic 
shift (Perret, 1995). Under such conditions, the maximum interval between estrous was 20 days 
(N=15). Social grouping reduced this interval to 16 days (N=15), and the presence of males in 
female groups reduced it to 6 days (N=12) (Perret, pers. com.). These data suggest that assess-
ments of estrous synchrony should take into account the socio-spatial distribution of females. 
In particular, high estrous synchrony should appear in females that share their sleeping sites. 
In the western deciduous forest, receptive females are present for about 4 weeks (Eberle & 
Kappeler, 2002a).
IMPLICATIONS OF SPATIAL DISTRIBUTION OF FOOD FOR SOCIAL SYSTEMS
LOCAL CONTROL OF FEMALES
Mean male body mass drops drastically from October to November, corresponding to 
the fi rst mating period (Lahann et al., 2006; Schmid & Kappeler, 1998) (Fig. 2B). Mating 
success should be higher in heavy resident males than in light erratic males. At the beginning 
of the breeding period, the heavier the male, the nearer to females the individual is trapped 
TABLE I
Energy management strategies, social organization and mating system in Microcebus murinus: comparison between 
wild and captive animals
Wild animals Captive animals References
Feeding competition high low Génin, 2004
Body mass low high Schmid, 1998, 1999
Génin et al., 2005
Fattening pre-winter in females
pre-mating in males
short-photoperiod 
induced in both sexes
Génin et al., 2005
Hypothermia frequent in females
rare in males
induced by food 
restriction in both sexes
Schmid, 2001























Andrès et al., 2003
Eberle & Kappeler, 2005
Radespiel et al., 2001
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(Fietz, 1998). Polygyny has been suggested by observations of mating behaviour. If three males 
are housed with a receptive female, mating competition leads to the rapid establishment of 
dominance among males (Andrès et al., 2001; Lebec, 1984; Perret, 1992, 1995). A submis-
sion posture has been described (humped back, coiled down tail, fl at ears) (Lebec, 1984). In 
wild animals, Pagès (1988) observed agonistic interactions between males in close proximity 
to receptive females. In captivity, testosterone plasma levels are correlated with the hierar-
chical status, based on agonistic interactions observed among males (Schilling et al., 1984). 
Dominant males show the highest frequency of urine marking (Andrès et al., 2001). Moreover, 
urinary cues have been shown to act as pheromonal signals, depressing testosterone plasma 
levels in isolated animals (Schilling et al., 1984). Dominant males usually defend actively 
the access to the female during the night of receptivity (Andrès et al., 2001). Mate guarding 
has also been reported in wild animals (Radespiel, 2000). A captive study showed through 
genetic determinations of paternity that dominant males, in groups of 3 males, had the greatest 
reproductive success, being the fathers of all young in 25 cases out of 27 (Andrès et al., 2001). 
However, this result was probably infl uenced by the fact that young males of low body mass 
were excluded from reproductive groups. Indeed, dominance is highly correlated with male 
age (Aujard & Perret, 1998). Penile spines have been suggested to enhance female ovulation 
during copulation (Andrès et al., 2001; Eberle & Kappeler, 2002a; Radespiel et al., 2001). The 
complex structure of the penis, the analysis of ejaculated sperm and the presence of vaginal 
plugs suggest the occurrence of sperm competition in M. murinus (Aslam et al., 2001). Multi-
ple paternity has rarely been reported in captivity (Radespiel et al., 2002) but occurs frequently 
in wild animals (Eberle & Kappeler, 2004a, b) (Table I).
Male home ranges are larger than female home ranges and increase during the breeding 
season, overlapping ranges of several females from different matrilines (Barre et al., 1988; 
Eberle & Kappeler, 2004b; Pagès, 1988; Radespiel, 2000; Radespiel et al., 2001). A cross-
species study in primates, including only a few strepsirhines, revealed that the main factor 
infl uencing male reproductive skew is the number of competitors (Kutsukake & Nunn, 2006). 
Unfortunately, very few studies of mouse lemur spacing patterns have been conducted using 
radio-tracking, which is the only appropriate method to obtain a realistic estimate of the number 
of competitors (Sterling et al., 2000).
LOCAL MONOPOLIZATION OF FOOD
The spacing patterns of animals is strongly infl uenced by the spatial distribution of food. 
During the pre-winter fattening period, the closer a female was to keystone resource gum trees, 
the higher their body mass, while most males were locally excluded from these trees (Génin, 
TABLE II
Energy-dependent and frequency-dependent alternative mating tactics possibly used by male Grey Mouse Lemurs
Dominant tactic Subordinate tactic
Koprowski’s terminology (1993) active pursuit satellite tactic
Martin’s terminology (1973) central males peripheral males
Energetic cost high low
Reproductive success high low
Inter-male behaviour offensive avoidance
Mating behaviour mate guarding opportunistic
Body mass high low
Use of space resident erratic
Distance to females low high
Age old young
Frequency low high
 – 251  –
2004). Rapid changes in the spatial patterns of females were induced by experimental place-
ment of insects producing attractive secretion (Corbin & Schmid, 1995). Few wild males have 
access to the important resource trees. At Kirindy, only one male of body mass > 100 g was 
captured in autumn 1999. This male, which had been trapped in the same area for over 3 years, 
was trapped near both females and gum trees, indicating that he could withstand feeding com-
petition (Génin, 2004). At Mandena, Martin (1972, 1973) found some heavy males referred 
to “central males” living with the females in the richest area, whereas only light “periph-
eral males” were trapped in the surrounding secondary forest (Fig. 2B, Table II). This spacing 
pattern was not observed in the western dry deciduous forest (Eberle & Kappeler, 2002a; 
Radespiel et al., 2001) (Fig. 2B). However, captures on regular grids revealed a pattern of local 
exclusion of males and females during the breeding season (Radespiel et al., 2001) as well as 
during the dry season (Génin, 2004), suggesting that these differences are due to small resource 
patches distributed throughout the study area (Fig. 2).
ENERGY DEPENDENT STRATEGIES AND TACTICS
LOCAL RESOURCE ENHANCEMENT
In captivity, adult females tend to prevent actively the access of males to their daugh-
ters (Perret, pers. com.), suggesting social reproductive inhibition. Sub-adult females could 
behave as helpers (Eberle & Kappeler, 2002a; Glatston, 1986; Lutermann, 2002). Social organ-
ization is revealed by sleeping associations (Martin, 1973; Radespiel, 1998; Schmid, 1998). 
Huddling might provide protection from predators, but the chief advantage is a thermoregula-
tory one (Perret, 1998; Radespiel et al., 1998; Schmid, 1998). Females sleep in larger groups 
than males, which often sleep alone (Martin, 1973; Radespiel et al., 1998; Schmid, 1998). 
A study using micro-satellite DNA analysis showed that females associate in kinship groups 
(Radespiel et al., 2001). At Ampijoroa, the socio-genetic structure of a natural population has 
been shown to consist of relatively small matrilines (average 2, maximum 6) (Radespiel et al., 
2001). At Kirindy, Wimmer et al. (2002) found larger matrilines but distinguished 3 levels 
of genetically-structured social organization: “family units” (= matrilines sensus Radespiel 
et al., 2001), “matrilines” comprising different sleeping groups, and “local populations” (= 
population nuclei sensus Martin, 1972). Unfortunately, these authors provided no information 
about feeding competition. In southern Madagascar, Martin (1972) observed more females in 
sleeping sites (up to 15), sometimes in association with one male, corresponding to large food 
patches (Fig. 2B). In the western deciduous forest, the usual exclusion of males from smaller 
sleeping groups may result from higher feeding competition, as suggested in the Kirindy for-
est (Génin, 2004) (Fig. 2A). Feeding competition seems to constrain population dynamics. 
Male natal dispersal has been demonstrated (Radespiel et al., 2003), and has been suggested 
to decrease competition within matrilines (Wrangham, 1980). In captive animals, natal sex 
ratio is male-biased when females are grouped or exposed to female urine odors. Conversely, 
isolated females overproduce daughters (Perret, 1990, 1996). The model of Local Resource 
Enhancement (LRE) (Schwarz, 1988) assumes that an optimal size of kin-bonded female 
groups is required to defend a given pattern of resource distribution. If group size is below 
this optimum, females overproduce daughters. Inversely, group sizes above the optimum lead 
to a male-biased natal sex ratio. Thus, solitary foraging may allow matrilines to monopolize 
patchily distributed resources (Génin, 2004). The presence of sympatric M. ravalobensis and 
the low density of M. murinus suggest high feeding competition that may cause the pronounced 
male-biased natal sex ratio observed at Ampijoroa. Local Resource Enhancement has already 
been suggested in the ring-tailed lemur Lemur catta (Nunn & Pereira, 2000). 
ALTERNATIVE MATING TACTICS
In M. murinus, two mating tactics are observed in males, although the dominance-based 
tactic has been interpreted as an artefact of captivity (Radespiel et al., 2001) (Tables I-II). Such 
a difference in the mating system of captive and wild animals has been found in marmosets 
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(Anzenberger, 1992). In Primates, resident or dominant males usually have a higher repro-
ductive success than other males (Kutsukake & Nunn, 2006). Dominance and mate guarding 
have to be assumed completely, since any giving up leads to a benefi t equal to the scramble 
competition tactic with much higher cost. Plasticity consists of the coexistence of two mating 
strategies, according to body mass, age and resident status (Gross, 1996). Dominance and mate 
guarding are energetically, temporally and immunologically (Andrès, unpublished data) costly 
and may be assumed only by the heaviest males (Alonzo & Warner, 2000). In contrast, low 
body mass should oblige males to adopt a more opportunistic tactic resulting in promiscuity. 
The high cost of the dominance tactic and the small number of resident males allow the coexist-
ence of the two alternatives that are both status-dependent and frequency-dependent (Alonzo 
& Warner, 2000) (Table II). Dominant males behave like captive males, sexual dominance 
based on agonistic behaviour and mate guarding enhancing their reproductive success. By 
contrast, erratic males avoid feeding competition during the dry season and fl ock into popula-
tion nuclei during female hibernation. The lack of correlation found between dominance status 
and body mass in captivity may be attributed to the high predictability of food availability 
and the high body mass of most captive males. Moreover, females are suggested to chose 
their mates actively (Eberle & Kappeler, 2004a; Radespiel & Zimmermann, 2003), sometimes 
removing their vaginal plug (Eberle, pers. com.). A similar model has been proposed in several 
tree squirrel species that share many characters with mouse lemurs (arboreal life style, high 
overlap of home-ranges, one day of receptivity in females, vaginal plug that can be removed 
by the females) (Koprowski, 1992, 1993a, b; Wauters et al., 1990). In these species, males use 
two mating tactics in accordance with their age and residence status (Koprowski, 1993a, b). 
Alternative mating tactics have been reported in other rodents and in different primate species 
including strepsirhines (Clark & Galef, 1995; Pullen & Dixson, 2002). In mouse lemurs, the 
proportion of the two male strategies should vary according to the population dynamics, trig-
gered by the abundance and the spatio-temporal distribution of food (Table II).
GENERAL CONCLUSION
The mating system of Microcebus murinus is still debated. The same arguments (penile 
spines, vaginal plug, estrous synchrony) have been used to support the two opposing hypoth-
eses (Andrès et al., 2001; Eberle & Kappeler, 2002b; Radespiel et al., 2001). However, the 
spatio-temporal distribution of resources appears to be an underestimated determinant of 
mouse lemur social organisation. Comparisons among different populations and captive ani-
mals suggest that the social organization of M. murinus is characterized by plasticity (Lahann 
et al., 2006). Such plasticity is found in other primate species (Yamagiwa & Hill, 1998). Male 
mating behaviour may be determined by the distribution of females (Emlen & Oring, 1977; 
Koenig, 2002; Ostfeld, 1990). In voles, male mating behaviour can vary, following experimen-
tal manipulations of the spatial distribution of receptive females (Ims, 1988). This plasticity 
may be explained by the high unpredictability of resource availability observed in western and 
southern Madagascar, subjected to El Niño-induced droughts (Lovegrove & Raman, 1998).
Local food availability seems to constrain the social structure of M. murinus, as predicted 
(LRE). Male alternative mating tactics may allow the genetic structure of the populations to 
adapt to environmental conditions. M. murinus, as a pioneer species may reduce its genetic 
diversity under favourable environmental conditions. Inversely, the high frequency of promis-
cuity in diffi cult environmental conditions would give the advantage of high genetic diversity 
in the face of bad environmental conditions. This pattern is analogous to cyclical partheno-
genesis in invertebrates occurring in good environmental conditions (Serra & King, 1999; 
Williams, 1975). This hypothesis may explain the relatively widespread geographic range of 
M. murinus compared with other mouse lemurs. Since the ecology of newly recognized mouse 
lemur species has been poorly investigated, cross-species and cross-population comparisons 
would be of great interest. I recommend the authors of further studies to collect data on food 
abundance, distribution and renewal.
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